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(54) LITHIUM SECONDARY CELL 

(57) A lithium secondary battery includes: an 

electrode body having a positive electrode, a negative 
electrode, and a separator, the positive electrode and 
the negative electrode being wound or laminated by 
means of the separator; and a nonaqueous electrolyte 
solution containing a lithium compound as a 
electrolyte. At least one of the positive electrode, 
the negative electrode, the separator, the nonaqueous 
electrolyte solution contains at least one of: (a) an 
organic and/or inorganic inhibitor, which functions as 
a Cu-corrosion inhibitor or a Cu-trapping agent, (b) a 
compound having an organic base and an inorganic acid 
which are unitarily combined in a molecule, (c) a 
cyclic compound containing a N-O radical in a molecular 
structure, (d) a cyclic compound which becomes a 
Mn 2+ supplier in the nonaqueous electrolyte solution, 

(e) a compound containing an atom showing Lewis 
acidity and an atom showing Lewis basisity in one 
molecule, (f) a three-dimensional siloxane compound, 
and (g) a nonionic surfactant; or the nonaqueous 
electrolyte solution contains: (h) a water-extracting 
agent, or (i) a hydrofluoric acid-extracting agent. 



This lithium secondary battery exhibits an excellent 
effect that self-discharge property, cycle 
characteristics, long period stability and reliability 
can be planned. 

FIG.l 
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description 



Technical Field •» 

[0001] The present invention relates to a lithium secondary battery superior in self-discharge property, cycle 
characteristics, long period stability and reliability. 

Background Art 

battens having h small atee anda tew Ml » ' c £ ,„ addlfc „. ^fc requss ts In. resource 

portable communication W»*^ *2«2. n 0| w env i I0 „ment for a background, the 

solvent is employed elec t ro de one produced by coating an aluminum foil with a mixture of a 

ESL »o 

« SST rri^nK^ctea pte, , ,0,. o, tehing ou, a eon^gen-aed 

"nic^ 

battery from deterioration in performance du. to cones o oa" 8 ^ J" *E^SS«1 eoluhop to be oeed for 
„ ooUeotor h.cauaa . mum secondary batter, to ,XZ^i*!Ste^o^^Si possible. W» regard 

malortele and paite gete Into the non w, = 'Si^^fSSX oorren. ^decomposed. 
™r K ^^^^.^"nTSteh- in th. case ,ha, Khiom ph.aphare hexahuonde ( UFJ a) te 

„ in the electrolyte solution were precipitated on the wri face i of the ' "^we acw fQund g 

50 negative active materia, was oi ^^S^^SSX^^^ component is hereinbe.ow 
compound containing copper (Cu) for a me ^^^ h esjdes g componem called SEI (Solid Electrolyte Interface) 
LeneSed o 3S n a^ceoJ Son Sn U ' is inserted into the cathode carbon (This component is hereinbelow 
a ^ »r,thi..m ^Pl laver" 1 This compound seems to be CuO, CuC0 3> or the liKe. 
« loooS ThuM - i^^sJK is added to a SEI layer (lithium SEI layer) generated due to a norma. 
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, *u *^a* <*fi laver becomes thicker and a different chemical substance gets mixed 
reaction on a surface of the cathode, the SEI layer becomes inicKer a + electronic conductive body is 

in the SEI components, and thereby intercalation and de.ntercalation of L. , wh.cn 




40 



2- 



hindered. n * current collector qives rise to various reactions 

SSL, r^rr2£S=sb^ 8 ^ * te 

organic solvent as a nonaqueous electrolyte solution j SKin S^5i^ solution. Then, a 

battery resistance rises. . . Problems and aims to provide a lithium 

,00,2, The ^ ^"cSSSXg P«»S s,«y and 

Disclosure of Invention 

[0 013] According to the present invention, there is provided a Mum secondary battery comprising: 

an e.ectrode body having a positive electrode, a negative electrode, and . separator, the positive electrode and 
the negSe eSode being wound or laminated by means of theseparator, and 

a nonaqueous electrolyte solution containing a lithium compound as a electrolyte; 

characterized in that at .east one of the positive e.ectrode. the negative e.ectrode, the separator, and the 
nonaqueous electrolyte solution contains at least one of. 

(a) an organic and/or inorganic inhibitor, which functions as a Cu-corrosion inhibitor or a Cu-trapping agent. 
(b , a compound having an organic base and an inorganic acid which are unitarily combined in a molecule, 

(c) a cyclic compound containing a N-O radical in a molecular structure, 

(d) a cyclic compound which becomes a Mn* supp.ier in the nonaqueous electrolyte solution, 
(., a compound containing an atom showing Lewis acidity and an atom showing Lewis basisity in one molecule 
molecular-structurally, 

(f) a three-dimensional siloxane compound, and 

(g) a nonionic surfactant; or 
the nonaqueous electrolyte solution contains: 

(h) a water-extracting agent, or 

(i) a hydrofluoric acid-extracting agent. 

45 Brief Description of Drawings 
10014] 

Fig. 1 is a perspective view showing a structure of a wound-type electrode body. 
50 Fig. 2 is a perspective view showing a structure of a lamination-type electrode body. 

Fig 3 is a graph showing results of a cycle test of Examples 1 - 3 and Comparative Example 1. 
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Fig."5 is a graph showing results of a cycle test of Example 4 and Comparative Example 2. 

Fig. 6 is a graph showing change in cycle characteristics with regard to concentration of an added Cu inhibitor 
in Example"5. 

Fig. 7 is a graph showing a charge-discharge pattern in a cycle test of a wound-type electrode body. 

Fig. 8 is a graph showing results of a cycle test of Examples 7 - 1 1 and Comparative Example 3. 

Fig. 9 is a graph showing results of a cycle test of Examples 12 - 14 and Comparative Example 4. 

Fig. 10 is a graph showing results of a cycle test of Examples 15 - 18 and Comparative Example 5. 

Fig. 11 is a graph showing results of a cycle test of Example 19 and Comparative Example 6. 

Fig. 12 is a graph showing results of a cycle test of Example 20 and Comparative Example 7. 

Fig. 13 is a graph showing results of a cycle test of Example 21 and Comparative Example 8. 

Fig. 14 is a graph showing results of a cycle test of Example 22 and Comparative Example 9. 

Fig. 15 is a graph showing results of a cycle test of Example 23 and Comparative Example 10. 

Fig. 16 is a graph showing results of a cycle test of Examples 24 - 32 and Comparative Examples 1 1 and 12. 

Fig. 17 is a graph showing results of a cycle test of Examples 33 - 35 and Comparative Example 13. 

Best Mode for Carrying Out the Invention 

[001 5] Embodiments of the present invention are hereinbelow described. However, the present invention is by no 
means limited to these embodiments. s 
[0016] In a lithium secondary battery of the present invention, in at least one of the pos,t,ve electrode, the 
negative electrode, the separator, the nonaqueous electrolyte solution is contained at least one of. 

(a) an organic and/or inorganic inhibitor, which functions as a Cu-corrosion inhibitor or a Cu-trapping agent, 

(b) a compound having an organic base and an inorganic acid which are unitarily combined in a molecule, 

(c) a cyclic compound containing a N-O radical in a molecular structure, 

(d) a cyclic compound which becomes a Mn 2 * supplier in the nonaqueous electrolyte solution, 

(e) a compound containing an atom showing Lewis acidity and an atom showing Lewis basisity in one molecule 
molecular-structurally, 

(f) a three-dimensional siloxane compound, and 

(g) a nonionic surfactant; or 

in the nonaqueous electrolyte solution is contained: 

(h) a water-extracting agent, or 

(i) a hydrofluoric acid-extracting agent. 

m017l Each of the aforementioned compounds (a) - (i) is hereinbelow described. 

001 8 First in the present invention, the term (a compound is) "contained" includes the case that a compound 
L contained in an electrode or a separator by impregnating the electrode or the separator w.th the nonaqueous 
^S^uELtSS? compound is added for the case that a compound applied to an electrode or a separator 
in advance moves into the nonaqueous electrolyte solution to be contained therein. 

[001 91 In a lithium secondary battery of the present invention, as a method for containing the compound there 
may i employed at least one of methods in which: (1) the compound is dispersed on or co ^%^^ n e . 
electrode active material particles constituting a positive electrode and/or a negat,ve electrode, (2) the compound 
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is dispersed on a surface of the separator, and (3) the compound is ^^SSS? s^*™ 0 ^*™* *' 
nonaqueous electrolyte solution. Therefore, these means may be used in combination. 

nonaqueous «*^» method for making a comp0 und conta.ned in an electrode a 

[0020] Specmcaiiy.inere may re » ■ „_„ linri anpnt dissolved in a solub e so vent, or a method for 

impregnated with this compound and dried la er tc .be u sec nor P r0 ° uc |utjon ma be unjformly 

precipitate due to gravity. 

[0021] Next, an inhibitor of (a) is described an jc und 

3-benzofcole. 4 or 5 - benzotriozole, benzimidazole, 2 - benzimidazoletbiol, 2 - benzoxezol.tn.Mo. 
Soon, on. o,OH OR'. N^NR - — 

SET" ™— - 01 cu " an o,9anic innibi, °' ,nd " app,n9 mectenism " *" 

S' '""to ". mS.riKn wt,.,e ,n o,genie MHO. Wynnes Co. « is goner,., olossol.d in,o adoorp.or, typo. 
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•an anode point or cathode point is unclear. In practice, adsorption is caused to cover the whole surface of the Cu foil, 
and it is presumed that anode reaction and cathode reaction are suppressed. tho „ rniin 
100351 Next it is preferable that the inorganic inhibitor is specifically one selected from the group 

Sting of phosphates, chromates, iron simple substance, iron compounds, nrtntes. and ^cates 
cons'strng p p . pn0 sphates, it is preferable to use one of polyphosphates, glassy phosphates, 

deteriorate in total as battery reaction "^^^^J^teM^ characteristics deteriorate is not clear 
SSS totTe^d^^^ * *« ■ *» —* " 

15 JST 18 H- .mechanism of suppressing corrosion of Cu by an inorganic inhibrtor and trapping mechanism of the 
present J^SS where an inorganic inhibitor influences Cu, like an organic inhibrtor, ft is generally 

synergically because elution of Cu in an electrolyte solution is suppressed. 

30 like and, as an inorganic acid, a strong acid sucn as "V™°8 B " subs tituent is particularly suitably employed. 

compound where *^^^«2S£ ^To^an^S 2, P 4 - diamine 

Li * conductivity. 



40 



45 



(Chemical formula I) 



OH 

H 2 N V J^ N 

JL f[ -xH 2 S0 4 



50 



55 



EP 1202374 Page: 6 



EP 1 202 374 A1 



(Chemical formula II) 



N 




(Chemical formula III) 



NH 2 



H 2 N^k N 
HO^T^NH 



(Chemical formula IV) 




H 

•HCI 

(Chemical formula V) 
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(Chemical formula VI) 



H 



» 



hJ. *,/H 



N 



( 



) -3H 2 S0 4 



I 

H 



Y5 



20 



25 



30 



35 



40 



[0044] Here a mechanism of inactivating HF and suppressing generation of SEI by a compound where an organic 

s^ssssa - 

LiPF « which is an electrolyte is decomposed, and HF, C0 2 or the like is generated. 

rnn^fii HF aenerated at this time disserves and corrodes metallic materials for a battery case and a current 

between HF and battery members ,s suppressed In addit on before the ^ remen ™^ * a P surface of a n tive 
aninn of inoraanic acid of the compound reacts with Li to form a salt (UCI, Li 2 S0 4 ) and cover a sunace o, y 

fayer on a surface of a negative active material by controlling quantity of anions ,n a range where movement of L, .s 
not hindered and where a conventional SEI layer cannot be formed. 

general formula (VIII), as another molecular structure, is also preferred. 

General formula (VII) 



45 



50 



R6 

R7 



R5 

/ 



R4 



Rb Ri 
0 



R3 

R2 



55 
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General formula (VIII) 



10 



15 



20 



Rl4 Rl3 




25 



(Ri - R 18 : hydrogen group, hydrocarbon group, or cyano group) 

rnfUil Examples are 2 2 6 6 - tetramethyl - 1 - piperidinyloxy free radical, 4 -cyano -2 2 6, 6 - 

solvent, are stable in an electrolyte solution, and do not hinder movement of L. >n the electrolyte solution, 

thereby being suitably used as the compound. 

T00521 Next, the aforementioned compound (d) is described. 

[0053] As a cyclic compound which becomes a Mn * supplier, manganese (II) phthalocyanine or a manganese (II) 

i£T~^^£S£ ^Phthalocyanine shown by the following chemica, formula (IX) exemplifies the 
compound. ThisSe in an electrotyie' solution and exhibfts high Li * conductivity, and therefore being surtab.e 
used as the compound. 



30 



35 



40 



45 



50 



55 



Chemical formula (IX) 




^7 




C = N~ 



m0551 A mechanism of suppressing a radical decomposition reaction by the compound is hereinbelow described. 
E t"he present invention, a mixture of ethylene carbonate and diethyl carbonate , is used as an electrolyte 

tvn* it is imDOSsible to restore the electrolyte solution once decomposed to the original state J nererore, wnen 
ga P s o? IheTik^s generated due to decomposition of an organic solvent, internal pressure of the battery rises to 

fooX d T*7«:Z^ ig e is repeated in a Khium secondary battery, a part of an organic sotvent R A H (R A 
hydrocarbon group), which is the electrolyte solution, is decomposed up to a small molecule as ,n the following 

f0rmU ' a 0) R A H — > R A • + H* — » CQ 2 , C0 3 2 ", etc. formula (1) 

/d • radical molecule qenerated by an electrochemical reaction) 

00*581 As a memod for controlfing a radical decomposition reaction as the above, two methods may be employed. 
1) adding a SLTcomPound and 2) utilizing chemica, equilibrium reaction for extinguishing the radical shown by 
the following formulae 2) and 3), respectively. 
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R A H _» R A . + H + + R B . R A R B formula (2) 
(R B • : radical cyclic compound added according to the present invention) 

R A H + Mn 3+ <=> R A • + H + + Mn 2+ formula (3) 

[0059] 1 ) (formula (2)) is an idea that a radical compound R B . which quickly reacts is added to a radical 
compound R A • generated upon charge discharge in proper quantity to subject the radicals to reacting and bonding 
mutually so as not to be decomposed any more. In addition, 2) is an idea that chemical equilibrium is moved to the 
side where an organic solvent is maintained by adding Mn 2+ in proper quantity by utilizing the state where a radical 
compound R A . generated has a chemical equilibrium relation with a healthy organic solvent molecule and a 
manganese ion eluted from a positive active material. 

[0060] Therefore, in the present invention, the radical generated upon charge-discharge is extinguished in the 
battery to suppress decomposition of an organic solvent by a method in which acyclic compound containing a N-O 
radical of the compound in a molecular structure is subjected to a radical/radical reaction, or by a method in which 
a cyclic compound which becomes a Mn 2+ supplier supplies a Mn 2+ ion in radical chemical equilibrium of 2); and 
thereby the electrolyte solution can be maintained in a healthy state. 
[0061] Next, a mechanism of inactivating HF by the compound is described. 

[0062] As described above, water is present in an electrolyte solution in the present invention though the 
amount is very small, and an electrolyte solution and an electrolyte are decomposed by the water to generate HF, gas 
(C0 2 ), etc. 

[00631 HF generated at this time elute transition metal by dissolving a positive active material with dissolving 
and corroding metal material of a battery case and a current collector to derive formation of vicious SEI containing 
20 a metallic atom Incidentally, decomposition of an electrolyte is accelerated and proceeded more with a temperature 
of a battery being higher. Since the SEI formation reaction is an exothermic reaction, decomposition of an 
electrolyte by water is accelerated by this heat, and HF is further formed. 

[0064] Therefore, in the present invention, an atom showing Lewis basicity, that is, a N atom having an unshared 
electron pair and showing an electron-donating property is coordinatety bonded with HF having an empty electron 
orbit to fix HF in a molecular structure of the compound; and thereby HF in a battery is inactivated, and influence 
by HF can be controlled. Since the compound fixes HF even in the case that temperature of a battery itself becomes 
high while charge-discharge is repeated, formation of vicious SEI is suppressed. 
[0065] Next, the above compound (e) is described. 

[0066] As a comoound containing an atom showing Lewis acidity and an atom showing Lewis basisity in one 
molecule molecular-structurally, alumatrane tetramer (C 6 H 12 NAI0 3 ) 4 ) shown in the following chemical formula (X) is 
suitable. Since this has a cyclic structure, this is stable in an electrolyte solution and shows high Li + conductivity, and 
thereby being suitably used as the compound. 



Chemical formula (X) 



35 



40 







45 



50 



55 



[0067] Here, a mechanism of inactivating H 2 0 and HF by a compound containing an atom showing Lewis acidity 
and an atom showing Lewis basisity in one molecule is described. 

[0068] Water is present in an electrolyte solution of the present invention though the amount is very small, and LiPF 
6 , which is an electrolyte, is decomposed to generate HF, C0 2 , etc. 

[0069] HF generated at this time elute transition metal by dissolving a positive active material with dissolving 
and corroding metal material of a battery case and a current collector to drive formation of vicious SEI containing 
a metallic atom. Incidentally, decomposition of an electrolyte is accelerated and proceeded more with a temperature 
of a battery being higher. Since the SEI formation reaction is an exothermic reaction, decomposition of an 
electrolyte by water is accelerated by this heat, and HF is further formed. 

[0070] Therefore an atom showing Lewis acidity, that is, an Al atom having an empty electron orbit and showing 
an electron-attracting property is coordinately bond with a H 2 0 molecule present in the same electrolyte solution and 
having unshared electron pair to fix H 2 0 in a molecular structure of the compound. In the same manner, an atom 
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■ showing Lewis basicity, that is, a N atom having an unshared electron pair and showing an electron-donating property 
is coordinately bonded with HF having an empty electron orbit to fix HF in a molecular structure of the compound. By 
this, since the compound fixes HF even in the case that temperature of a battery itself becomes high while charge- 
discharge is repeated, formation of vicious SEI is suppressed. 

[0071] Thus, a battery-deteriorating component is removed by two Lewis acid-base reaction of Al-H 2 0 and N-HF. If 
a substance showing Lewis acidity and a substance showing Lewis basicity are added in a battery, the substances 
react mutually, and profitable effect cannot be obtained. However, since reaction is not caused in a compound having 
Lewis acidity and Lewis basicity in one molecule, each of the properties can be utilized; and H 2 0 and HF, which are 

battery-deteriorating components, can be simultaneously removed. 
[0072] Next, the above compound (f) is described. 

[0073] Suitable three-dimensional siloxane compounds are specifically 1 - allyl - 3, 5, 7, 9, 11, 13, 15 - 
heptacyclopentylpentacyclo [9. 5. 1. 1 39 . 1 5 - 15 . 1 713 ] octasiloxane, 1 - (3 - chloropropyl) - 3, 5, 7, 9, 11, 13, 15 - 
heptacyclopentylpentacyclo [9. 5. 1. 1 3,9 1 5>15 1 7 ' 13 ) octasiloxane, 1 - (4-vinylphenyl) - 3, 5, 7, 9, 1 1, 13, 15 - 
heptacyclopentylpentacyclo [9. 5. 1. 1 3>9 . 1 5 - 15 . 1 7>13 ] octasiloxane, ethyl - 3, 5, 7, 9, 1 1, 13, 15 - 
heptacyclopentylpentacyclo [9. 5. 1. 1 3,9 1 5,1S . 1 7 * 13 ] octasiloxane - 1 - undecanoate, 1, 3, 5, 7, 9, 11, 14 - 
heptacyclohexytricyclo [7. 3. 3. 1 5/M ] heptasiloxane - 3, 7, 14 - triol, 1, 3, 5, 7, 9 1 1, 13 - heptacyclopentyl - 
15 - [2 - (diphenylphosphino) ethyl] pentacyclo [9. 5. 1. 1 3(9 1 515 1 7 - 13 ] octasiloxane, 1, 3, 5, 7, 9, 1 1, 13 - 

heptacyclopenthyl - 15 - glycidilpentacyclo [9. 5. 1. 1 3 9 1 5 - 15 , 1 7 - 13 ] octasiloxane, 3, 5, 7, 9, 11, 13, 15 - 

heptacyclopentylpentacyclo [[9. 5.1.1 3,9 1 5 - 15 . 1 7 - 13 ] octasiloxane - 1 - butylonitrile, 3, 5, 7, 9, 1 1 , 1 3, 1 5 - 
heptacyclopentylpentacyclo [[9. 5. 1. 1 39 1 S - 1S . 1 7 - 13 ] octasiloxane - 1 - ole, 3 - (3, 5, 7, 9, 11, 13, 15 - 
heptacyclopenthylpentacyclo [9. 5. 1. 1 3,9 1 5,1S . 1 7,13 J octasiloxane - 1 - yl) pro pylm etna cry late, 1 , 3, 5, 7, 9, 1 1, 
14 - heptacyclopentyitricyclo [7. 3. 3. 1 511 ] heptasiloxane - endo - 3, 7, 14 - triol, 1, 3, 5, 7, 9, 11,13- 
heptacyclopenthyl - 15 - vinylpentacyclo [9. 5. 1. 1 3>9 . 1 5,15 1 7 - 13 ] octasiloxane, 1 - hydride - 3, 5, 7, 9, 11, 13, 15 - 
heptacyclopenthylpentacyclo [9. 5. 1. 1 3.9 -(5,15 ^ 7.i3j octasiloxane, methyl - 3, 5, 7, 9, 11, 13, 15 - 
heptacyclopenthylpentacyclo [9. 5. 1. 1 3 9 1 5,15 1 7 - 13 ] octasiloxane - 1 - propionate, 1 - [2-(5-norbornane - 2 - yl) 
ethyl] - 3, 5, 7, 9, 1 1, 13, 15 - heptacyclopenthylpentacyclo [9. 5. 1. 1 3 - 9 1 515 1 7 « 13 ] octasiloxane, 1, 3, 5, 7, 9, 1 1, 
13, 15 - octakis (dimethylsilyloxy) pentacyclo [9. 5. 1. 1 39 1 5 - 15 . 1 713 ] octasiloxane, and 1, 3, 5, 7, 9, 1 1, 13, 15 - 
octavinylpentacyclo [9. 5. 1. 1 3,9 1 5,15 1 7 * 13 ] octasiloxane. Since this has a cyclic structure, it is stable in an 
electrolyte and high Li + conductivity; and thereby being preferably used as the compound. 
[0074] Here, a mechanism of inactivation HF by a three-dimensional siloxane compound is described. 
[0075] Water is present in an electrolyte solution of the present invention though the amount is very small; and 
an electrolyte solution is decomposed, and an electrolyte solution and an electrolyte are decomposed by the water to 
generate HF, gas (C0 2 ), etc. 

[0076] HF generated at this time elute transition metal by dissolving a positive active material with dissolving 
and corroding metal material of a battery case and a current collector to drive formation of vicious SEI containing 
a metallic atom. Incidentally, decomposition of an electrolyte is accelerated and proceeded more with a temperature 
of a battery being higher. Since the SEI formation reaction is an exothermic reaction, decomposition of an 
electrolyte by water is accelerated by this heat, and HF is further formed. 

[0077] Therefore, in the compound, an atom showing Lewis basicity, that is, an O atom having an unshared 
electron pair and showing an electron-donating property is coordinately bonded with HF having an empty electron 
orbit to fix HF in a molecular structure of the compound; and thereby HF in a battery is inactivated, and influence 
by HF can be controlled. Since the compound fixes HF even in the case that temperature of a battery itself becomes 
high while charge-discharge is repeated, formation of vicious SEI is suppressed. 

[0078] Particularly, since a three-dimensional siloxane compound has a three dimensional structure and high 
molecular weight, the compound can stably be present in an electrolyte even at high temperature. In addition, since 
the number of O atoms per unit volume is large molecular structurally, HF can efficiently be trapped and fixed. 
Furthermore, a five-membered ring structure which the compound has is larger by far than a radius of a Li + ion and 

does not hinder the movement. Therefore, a three-dimensional siloxane compound securely exhibits effect as an 
additive for improving cycle characteristics in a lithium secondary battery. 

[0079] Further, the above compound (g) is described. 

[0080] A major characteristic of a nonionic surfactant is that it does not have an ionic base; and, for example, 

it does not have an ion such as a sodium ion (Na + ). In addition, it has an ether linkage and a hydroxyl group as a 

hydrophillic group, has a hydrophobic group at the same time, and is soluble to a nonaqueous electrolyte solution. 
In other words, it is dissolved in a nonaqueous electrolyte solution by a hydrophobic group, and a hydrophillic 
group is bonded with a water molecule in a nonaqueous electrolyte solution to stabilize the water molecule in the 
nonaqueous electrolyte solution. 

[0081] A nonionic surfactant can be expressed by a general formula, R 1 (OR 2 ) n R 3 R 4 (n is an integer). Here, 
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" ,x 1 group and a R 2 group are groups mainly consisting of hydrogen (H) and/or carbon (C). For example, if both 
a R 1 group and a R 2 group are alkyl groups, the R , group and the R 2 group are bonded with ether linkage. In 
addition, if a R.., group is hydrogen (H), the surfactant has a hydroxyl group because it is HOR 2 . It is preferable that 
ether linkage or hydroxyl group is present in a nonionic surfactant because it has high water-trapping force and can 
form a more stable micell. 

[0082] A R 3 group is a group bonded on the R 2 -group side and preferably one of oxygen (O), nitrogen (N), and 
ester linkage (OCO); and it is preferable that R 4 -group is not hydrogen (H) but a group mainly consisting of hydrogen 
(H) and carbon (C). Incidentally, it is preferable that the integer n in the aforementioned general formula is not 
smaller than 2 and not larger than 60. When n=1, sufficient hydrophillicrty cannot be obtained. In addition, when n >60, 
there is caused a problem that it does not dissolve easily in a nonaqueous electrolyte solution. The number of 
carbons constituting the R 4 group is preferably 8 or more. !f the number is smaller than 8 conversely, sufficient 

hydrophobic^ cannot be obtained, and a problem of not dissolving easily in a nonaqueous electrolyte solution is 
caused. 

[0083] Now, in such a nonionic surfactant, one having a CH 2 CH 2 group as the R 2 group in the aforementioned 

general formula is most suitably used. In the present invention, a polyethylene glycol derivative is suitably used 

as a nonionic surfactant. However, in a polyethylene glycol derivative, rf polyethylene glycol itself is not 

contained and the R 2 group is a CH 2 CH 2 group, it is profitable in respect of synthesis, purity, material price, 

and easiness in acquisition and has an advantage in stabilizing reaction properties with a water molecule. On the 

other hand, the number of carbons constituting the R 2 group is large, problems of generating isomer by branch of a 

carbon skeleton, etc., are caused. Incidentally, nonionic surfactants satisfying the aforementioned conditions are 
exemplified in Table 1. 
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[0084] By the way, It is possible to use, as a nonionic surfactant, a compound containing silicon (Si) as an 
element for constituting a molecule. However, in this case, it is considered that the nonionic surfactant does not 
suppress reaction between a water molecule and an electrolyte in an nonaqueous electrolyte solution and that the 
surfactant reacts with a fluorine ion (F ") of hydrofluoric acid generated by a reaction of a water molecule and an 
electrolyte and functions in bar of reaction between F " and metallic material. As a result, deterioration of a battery 
is suppressed. 

[0085] As such a nonionic surfactant containing Si, a polysiloxane derivative is suitably used in view of 
hydrophillicity with an electrolyte solution and water-trapping force. As shown in Table 2, "a polysiloxane 
derivative" means the one having a structure of a side-chain type where an organic group is introduced into a side 
chain of polysiloxane, a both-side terminal type where an organic group is introduced into both terminals of 
polysiloxane, a one-side terminal type where an organic group is introduced into a terminal of one side of 
polysiloxane, or a side-chain and both-side terminal type where an organic group is introduced into both a side- 
chain and both terminals of polysiloxane. 
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* 

[0086] Incidentally, as shown in Table 3, organic groups are exemplified by various denatured groups such as 
amino denaturation, eppxy denaturation, carboxyl denaturation, carbinol denaturation, methacrylic denaturation, 
mercapto denaturation, phenol denaturation, one-end reactivity, different kind of functional group denaturation, 
polyether denaturation, methylstyryl denaturation, alkyl denaturation, higher fatty acid ester denaturation, and 
fluorine denaturation. 
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[0087] In the present invention, electron conductive particles of acetylene black or the like may be dispersed 
in the aforementioned various kinds of compounds. This enables to raise conductivity and prevent internal resistance 
from rising. 

[0088] Next, the above (h) and (i) are described. 

[0089] A water-extracting agent is a concept excluding a water-removing agent disclosed in Japanese Patent 
5 Application Laid-Open H9-1 39232 or Japanese Patent Application Laid-Open H7-1 22297 and characterized in that it 
dissolves in an organic solvent and reacts with a free water molecule having high activity and being present in the 
organic solvent to form (water-extracting agent) a • (H 2 0) b , thereby decreasing activity of water. 
[0090] As such a water-extracting agent, it is preferable to use a liquid agent which uniformly mixes with an 
electrolyte solution and with which the inside of an interior electrode body is impregnated uniformly. Water- 
10 extracting agents capable of being used in the present invention are specifically organic phosphorous compounds and 
amine compounds. In the case that an organic phosphorous compound is used, the one having a P=0 linkage. Such a 
compound is exemplified by phosphates such as trimethylphosphate, tri -2- propylphosphate, tributyl phosphate, 
tetraisopropylethylenephosphonate, and phosphineoxides such as tributylphosphineoxide, trioctylphosphineoxide, and 
triphenylphosphineoxide. 

[0091] Here, a water-extracting reaction in the case of using trimethylphosphate is expressed as the following 
* 5 formula (4). 

a(CH 3 0) 3 PO+bH 2 0^((CH 3 0) 3 PO) a . (H 2 0) b formula (4) 



[0092] It is expected that completely removing water is difficult even in the case that an extracting agent is 
added to a nonaqueous electrolyte solution as described above. Therefore, it is preferable to add, besides a water- 

20 extracting agent, a hydrofluoric acid-extracting agent which directly remove HF to prevent metallic material from 

being corroded by HF. In addition, by adding a hydrofluoric acid-extracting agent alone to a nonaqueous electrolyte 
solution instead of a water-extracting agent, a hydrofluoric acid-extracting agent contributes to suppression of 
corrosion or the like of metal by HF, and thereby improvement in cycle characteristics is planned. 
[0093] From such a view point, a hydrofluoric acid-extracting agent is suitably added to a nonaqueous 

electrolyte solution. Though a hydrofluoric acid-extracting agent can be used together with a water-extracting agent, 

25 it was found that a hydrofluoric acid-extracting agent greatly contributes to improving cycle characteristics even 
in the case that it is independently used as shown in results of the test described below as well as the case that a 
water-extracting agent is independently used. 

[0094] As a hydrofluoric acid-extracting agent, an organic silicon compound or an organic antimony compound is 
suitably used, and a liquid material is preferably used like a water-extracting agent. As an organic silicon compound, 
30 a silane class or polysiloxane may be used. Particularly suitably used are a silane class of triethylsilane, 
triphenylsilane, methyrtriethoxysilane, ethyl silicate, methyltriacetoxysilane, ethyltrichlorosilane, and 
iodotrimethylsilane. An organic antimony compound may be exemplified by a tetraphenylantimony ion. 
[0095] Here, a reaction of extracting hydrofluoric acid in the case of using triethylsilane is expressed as the 
following formula (5). 

(C 2 H 5 ) 3 SiH+HF_*(C 2 H 5 ) 3 SiF+H 2 formula (5) 

35 

[0096] Incidentally, a hydrofluoric acid-extracting agent in the present invention is not for fixing HF itself 

but for forming a compound with a fluorine ion as shown in the above formula (5). In the case that a silane class is 
used, hydrogen gas is generated. However, since the amount is very small, it neither brings on a large change to an 
internal pressure of a battery nor affects properties of a battery. 
40 [0097] As described above in detail, a lithium secondary battery of the present invention employs a nonaqueous 
electrolyte solution where a lithium compound generating a lithium ion (Li + ) upon being dissolved as an electrolyte. 
Therefore, there is by no means limited to the other material or a structure of the battery. The main members 
constituting the battery and the structure are briefly described herein below. 

[0098] A structure of an electrode body, which may be said to be the heart of a lithium secondary battery, is a 
45 single cell structure where a separator formed by subjecting each of positive and negative electrode active 
materials to press molding into a disc shape is inserted as seen in a coin battery having a small capacity. 
[0099] In contrast to a battery having a small capacity like a coin battery, a structure of an electrode body to 
be used in a battery having a large capacity is a wound type. As shown in the perspective view of Fig. 1 , a wound 
type of electrode body 1 is structured by winding a positive electrode 2 and a negative electrode 3 around a core 13 
50 via a separator 4 lest the positive electrode 2 and the negative electrode 3 should be brought into direct contact 

with each other. At least one electrode lead 5 • 6 is enough to be fixed to the positive electrode 2 and the negative 

electrode 3 (hereinbelow referred to as "electrodes 2 • 3), and current-collecting resistance can be decreased by 
arranging a plurality of electrode leads 5, 6. 

[0100] Another structure of an electrode body is a lamination type where a plurality of single-cell type of 
electrode bodies form a lamination. As shown in Fig. 2, a lamination type of electrode body 7 is formed by piling up 
^ positive electrodes 8 and negative electrodes 9 alternately via a separator 10, and at least one electrode lead 11 • 12 is 
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' attached to one electrode 8 . 9. Materials for the electrodes 8 . 9 and methods for manufacturing the electrodes 8 . 9 
are the same as the electrodes 2. 3 in the wound-type electrode body 1. 

mi01l Next the structure is described in more detail with the example of the wound type of tetrode body 1. 
Thl nositive electrode 2 is produced by applying positive active material on both surfaces of a current collector. 
Is a curfent col2ctor a Thaving good corrosion resistance against a positive "^'^""^j,, 

Uch as n umXfoil and a tftanium foil Punching metal or mesh (a net) , may be employed ^Mhan a fo^. In 
addition as Dositive active material, a lithium transition metal composite oxides (e.g., LiMn 2 0 4 . LiGo0 2 , or lin u 2 , may 
betuSabfy used and carbon fine powder of acetylene black or the .ike is preferably added thereto as a conducing aid. 

Sso a soinel ex^essed by a genera formula LiM x Mn, x 0 4 (M is a substituent, X is the amount of substrtuent) where 
fpart of Mn J s P uStuted b/another element, is suitably used. The substituent M is exemp.if.ed by atom.c symbols 

« SST "'H^in £ ~ 5 15 ™ "SSS P,s ion, Pe, Mn, Ni. Mg, and Zn 

[0104] H ere in me s uds n ueni i y, gnd Sn become te travalent plus ions, 

P e v Sb Nb a n nd P Ta become ^™aSK and W become hexavalent plus ions. They are dements 

2S EX a bind^-gent. etc.. to , posi.ee ectrv. mated,, powd.r is * a '* 

SSce o, JT, S f e ...erode 3 at JJ* — SWISSES M 

SS^JSS^S^'JSSS^ o, a W gr.pfz.d carbon powd.r .uoh .s 

" SS" 9 'TJ~X: ■„ P.et.r^ a- ~ on. heying . p^.d ehe*, e where . U „ 
"tyiyien. .Im (PE fr.m) baaing micro-por.s is put between po.au, U -.p.rmiabi. M^l-W^ 
This double, as a eaf.ty mechanism of cont.o.ing Li • movement, i.e.. battaiy te.etion in such a mehher «««*«. 

r^TeSSSe negeSem-ode 3» cm a contact end , .hod circuit and thus seen.. .oppress o, 
battery reaction and .ecurtry ol safety become possrble. rt.ehed ro the 

thP electrode leads 5 6 can be prevented from the contact with each other. 
M raiim In composition of the battery, a produced electrode body 1 is inserted into a battery case with securing 

rVlf ^"'Z^lZtl rTt^Son to b. u-o for . «.hium seconder, b—» - the present 

dd 
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'oxidation decomposition and which has high conductivity of nonaqueous electrolyte solution. 
[0113] The present invention is hereinbelow described in more detail on the basis of Examples. However, the 
present invention is by no means limited to these Examples. 

(Examples 1-3, Comparative Example 1) 

5 [0114] Batteries of Examples 1-3 and Comparative Example 1 are produced in such a manner that acetylene 

black as a conducting aid and polyvinylidene fluoride as a binder were mixed with LiMn 2 0 4 spinel as positive active 
material at the ratio of 2 : 3 : 50 to give a positive electrode material; 0.01 g of the positive electrode material 
was subjected to press molding under a pressure of 300 kg/cm 2 to give a disc-shaped positive electrode having a 
diameter of 20 mm; a coin-cell type of electrode body was produced by the use of the positive electrode and a 

10 negative electrode of carbon and put in a battery case, which was then filled with a nonaqueous electrolyte 

solution. Here was used, as the nonaqueous electrolyte solution, a solution where LiPF 6 as an electrolyte was 
dissolved so as to give a concentration of 1 mol/liter by adding the compound (a) of the present invention of each 
mass% as in Table 4 to a mixed solvent containing the same volume of EC and DEC. 



Table 4 





Additive 


Amount of additive 
(mass % to electrolyte 
solution) 


Example 1 


1,2,3- benzotriazole 


0.1 


Example 2 


2, 5 - dimethylcaptothiadizole 


0.1 


Example 3 


1 -(p-tolyl)-4-methylimidazole 


0.1 


Comparative 
Example 1 


(None) 





[0115] Next, a cycle test in a coin-cell type of battery was performed by repeating a cycle of charge-discharge 
cycle shown below. That is, as one cycle, the battery was charged up to a voltage of 4.1 V with a current of 1.3 mA, 
and subsequently charged for 3 hours in total with a certain voltage, and after that, discharged with a fixed 
30 current of 1.3 mA corresponding to 1C (discharge rate) until the voltage became 2.5V, followed by a pause of 600 
seconds. A pattern was set so as to repeat the charge-discharge cycle in the same manner. Incidentally, relative 
discharge capacity (%) (cycle characteristic) was calculated by using the following numerical formula. 

Relative discharge capacity (%) 

35 

= discharge capacity in each cycle / discharge capacity in first cycle 



(Evaluation for cycle characteristics) 

[0116] As is clear from Fig. 3, batteries in Examples 1- 3 of the present invention achieved a capacity- 
retention rate of 95% in a 1 00-cycle test and exhibited by far excellent cycle characteristics in comparison with 
the one in Comparative Example 1 , where the compound was not used. This seems that the compound trapped Cu 
eluted in a electrolyte solution due to corrosion of a negative current collector and suppressed formation of a 
copper SEI layer to reduce hindrance to battery reaction, thereby improving the cycle life span. 
[0117] In Examples 1- 3 and Comparative Example 1 , a coin-cell battery subjected to the cycle test was 
decomposed in a glove box, and the positive electrode and the negative electrode were taken out to be washed with a 
mixed solvent of EC and DEC. These electrodes were subjected to observation of secondary electron image with an 
acceleration voltage of 20 kV by the use of a scanning electron microscope (SEM, JEM-5410 manufactured by JEOL 
Ltd., and an element analysis by an EDS was performed in addition. 

(Observation-evaluation of electrodes after cycle test) 

[0118] In Examples 1-3 and Comparative Example 1, there found no difference in the surface form in the 
positive electrodes. However, as shown in Figs. 4(a) and 4(b), a large difference was observed in the negative 

electrodes. In Example 1 , where the compound was added, a coat (lithium SEI layer) due to decomposition or the like 
of the electrode was observed on a carbon surface of the negative electrode as shown in Fig. 4(a). However, no other 
difference from unused carbon was found. On the other hand, in Comparative Example 1 , a granulated substance was 
observed besides a lithium SEI layer on a carbon surface of the negative electrode as shown in Fig .4(b). These 
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'negative electrodes were subjected to an EDS element analysis, and Cu was detected on the carbon surface and in the 
periphery of the carbon surface including the granulated substance. However, in negative electrodes in Examples 1 - 
3, no Cu was cjetected., 

[0119] This is a result of the compound's trapping Cu eiuted from the negative current collector to avoid 
precipitation of Cu on a carbon surface of the negative electrode by adding the compound of the present invention to 
the electrolyte solution, and this seems to have suppressed hindrance to battery reaction in the negative electrode 
5 to improve cycle characteristics. 

(Example 4, Comparative Example 2) 

[0120] Batteries of Example 4 and Comparative Example 2 were produced in such a manner that a coin-cell type of 
electrode body is produced in the same manner as in Example 1 and put in a battery case, which was then filled with 
10 nonaqueous electrolyte solution. In this case, there was used, as the nonaqueous electrolyte solution, a solution 
prepared by adding 500 ppm of water content (H 2 0), which becomes a cause of deterioration in battery properties, 
and 0.3 mass% of 1 , 2, 3 - benzotriazole, which is the compound, to a mixed solvent of the same volume of EC and 
DEC, and then dissolving LiPF 6 therein to give a concentration of 1 mol/liter. The other methods for production 
we re the same as in Example 1. In addition, a cycle test was performed in the same manner as in Example 1. 

15 

(Evaluation) 

[0121] As is clear from Fig. 5, a battery in Example 4 of the present invention achieved a capacity-retention 
rate of 93% in a 1 00-cycle test and exhibited by far excellent cycle characteristics in comparison with the one in 
Comparative Example 2, where the compound was not used. Thus, it has been clearly proved that a compound 
20 disclosed in the present invention exhibits excellent effect in a cycle life span, which is an important battery 
property, by an inspection in the Example 4, where water was intentionally added. 



( Example 5 ) 

[0122] A battery of the Example 5 was produced in such a manner that a coin-cell type electrode body was 
produced in the same manner as in Example 1 and put in a battery case, which was then filled with nonaqueous 
electrolyte solution. 

[0123] In this case, there was used, as the nonaqueous electrolyte solution, a solution prepared by adding 500 
ppm of water content (H 2 0), which becomes a cause of deterioration in battery properties, and each mass% of 1 , 2, 
3 - benzotriazole, which is the compound, as shown in Fig. 5 to a mixed solvent of EC and DEC of an equivolume. The 
other methods for production were the same as in Example 1 . In addition, a cycle test was performed in the same 
manner as in Example 1 . 



Table 5 



Concentration of additive in electrolyte solution (mass%) 


Capacity-retention rate of battery after 100 cycles (%) 


0.01 


60.2 


0.02 


65.3 


0.05 


78.2 


0.10 


88.1 


0.30 


93.0 


0.50 


92.8 


1.00 


76.5 


5.00 


67.7 



45 



( Evaluation ) 

50 [0124] In Example 5, change in capacity- retention rate of a battery to concentration of the compound added, and 
evaluation was given with a capacity-retention rate after 100 cycles. As obvious from Fig. 6, even in the case that 
only 0.01 mass % was contained in the electrolyte solution, increase in capacity-retention rate was found; the 
capacity-retention rate rose with increase in the concentration; and the best capacity-retention rate was given at 
around 0.3 mass%. Then, with the concentration being raised, the capacity-retention rate was decreased, and the 
capacity-retention rate was 70% or less with the concentration of 5.0 mass%, which is unbearable against practical use. 

55 

( Example 6) 
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[0125] A battery of Example 6 was prepared in such a manner that: a positive electrode slurry was produced by 
adding, as a conducting aid, 4 mass% of acetylene black to 1 00 mass% of LiMn 2 0 4 spinel as positive active material 
and further adding a solvent and a binder; the positive electrode slurry was applied on both surfaces of an aluminum 
foil having a thickness of 20 u m so as to have a thickness of about 100 u m on each surface to obtain a positive 
electrode 2; a carbon powder as negative active material was applied on both surfaces of a copper foil having a 
thickness of 10 u m so as to have a thickness of about 80 u m on each surface to obtain a negative electrode 3; 
using the positive electrode 2 and the negative electrode 3, a wound type of electrode body was produced and put in a 
battery case, which was then filled with nonaqueous electrolyte solution. Here, as the nonaqueous electrolyte 
solution, there was used a solution prepared in such a manner that LiPF 6 as an electrolyte was dissolved in a mixed 
solvent of EC and DEC of an equivolume so as to give a solution having a concentration of 1 mol/lrter, and 1, 2, 3 - 
benzotriazole of each mass% was added to the solution in the same manner as in Example 5. All these various kinds of 
batteries had a battery capacity of about 10Ah after the charge in the first cycle. 

[0126] In addition, the cycle test was preformed by repeating a cycle of charge-discharge cycle shown in Fig. 7. 
That is, a battery in a charge condition with a discharge depth of 50% was discharged for 9 seconds with a current 
of 100A corresponding to 10C (discharge rate), followed by a pause for 18 seconds, and then charged for 6 seconds 
with 70A, and subsequently, charged for 27 seconds with 1 8A to put a battery in a 50% charge condition. Incidentally, 
deviation in discharge depth in each cycle was made minimum by fine adjusting current of the second charge (18A). In 
addition, to know the change in battery capacity during the durability test, a relative discharge capacity was 
obtained in such a manner that a capacity was suitably measured with a charge suspension voltage of 4.1 and a 
discharge suspension voltage of 2.5 under a current strength of 0.2 C, and a battery capacity at a predetermined 
number of cycles was divided by a battery capacity of the first cycle. 

( Evaluation) 

[0127] In Example 6, a wound type of electrode body of the present invention was evaluated for change in 
capacity- retention rate of a battery with reference to concentration of the compound added with a capacity-retention 
rate of after 20000 cycles. The relative capacity-retention rate was 80% or more in the range of 0.01 - 10.0 mass%, 
and further, the relative capacity-retention rate was 85% or more in the range of 0.10- 0.50 mass%. Here, from the 
comparison of the results of Examples 5 and 6, it seems that a wound type of electrode body requires a larger amount 
of the additive because of a larger volume in comparison with a coin-cell electrode body and of a curved body. 

( Example 7-11, Comparative Example 3 ) 

[0128] Each of the batteries of Examples 7-11 and Comparative Example 3 was prepared in such a manner that: a 
positive electrode slurry was produced by adding, as a conducting aid, 4 mass% of acetylene black to 100 mass% of 
LiMn 2 0 4 spinel as positive active material and further adding a solvent and a binder; the positive electrode slurry 
was applied on both surfaces of an aluminum foil having a thickness of 20 u m so as to have a thickness of about 100 
u m on each surface to obtain a positive electrode 2; a carbon powder as negative active material was applied on 
both surfaces of a copper foil having a thickness of 10 u m so as to have a thickness of about 80 u m on each surface 
to obtain a negative electrode 3; using the positive electrode 2 and the negative electrode 3, a wound type of 
electrode body was produced and put in a battery case, which was then filled with nonaqueous electrolyte solution. 
Here, as the nonaqueous electrolyte solution, there was used a solution prepared in such a manner that LiPF 6 as an 
electrolyte was dissolved in a mixed solvent of EC and DEC of an equivolume so as to give a solution having a 
concentration of 1 mol/liter, and 0.1 mass% of the compound (b) of the present invention was added to 100 mass% of 
the solution as shown in Table 6. All these various kinds of batteries had a battery capacity of about 10Ah after 
the charge in the first cycle. 



Table 6 





Additive 


Amount of additive 

(mass% to 
electrolyte solution) 


Example 7 


1,8- diamino - 4, 5 -dihydroxyanthraquinone 


0.1 


Example 8 


2, 4 - diamino - 6 -mercaptopyrimidine hemisulphate 


0.1 


Example 9 


6 - hydroxy - 2, 4, 5 -triaminopyrimidine sulphate 


0.1 


Example 10 


2 - iminopiperidine hydrochloride 


0.1 


Example 11 


Imipramine hydrochloride 


0.1 


Comparative Example 3 


(None) 
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( Evaluation ) 

[01 29] As is clear from Fig. 8, batteries of Examples 7-11 achieved a capacity-retention rate of 82% in a 
20000-cycle test and exhibited by far excellent cycle characteristics in comparison with Comparative Example 3, 
where the compound was not used. This seems that the compound containing an electron-donating element and a 
substituent inactivated HF in the electrolyte solution, and a salt of strong acid formed by a reaction of anion of 
inorganic acid in the compound and Li + covered a surface of the negative active material to suppress further 
formation of SEl, and as a result the cycle life span was improved. 



10 



15 



20 



25 



( Examples 12 - 14, Comparative Example 4 ) 

[0130] Batteries of Examples 1 - 3 and Comparative Example 1 are produced in such a manner that acetylene 
black as a conducting aid and polyvinylidene fluoride as a binder were mixed with LiMn 2 O a spinel as positive active 
material at the ratio of 2 : 3 : 50 to give a positive electrode material; 0.01 g of the positive electrode material 
was subjected to press molding under a pressure of 300 kg/cm 2 to give a disc-shaped positive electrode having a 
diameter of 20 mm; a coin-cell type of electrode body was produced by the use of the positive electrode and a 
negative electrode of carbon and put in a battery case, which was then filled with a nonaqueous electrolyte 
solution. Here, there was used, as the nonaqueous electrolyte solution, a solution prepared by adding 500 ppm of 
.water content (H 2 0), which becomes a cause of deterioration in battery properties, and each amount (ppm) of the 
compound as shown in Table 7, to a mixed solvent of EC and DEC of an equivolume, and then dissolving 

LiPF 6 therein to give a concentration of 1 mol/liter. All these various kinds of batteries had a battery capacity 
of about 1 .3mA after the charge in the first cycle. 



30 





Additive 


Amount 

of 
additive 
(ppm) 


Amount 

of 
water 
(ppm) 


Example 12 


6 - hydroxy - 2. 4, 5 -triaminopyrimidine 
sulphate 


1000 


500 


Example 13 


2 - iminopiperidine hydrochloride 


1000 


500 


Example 14 


hexacyclen trisulphate 


500 


500 


Comparative Example 4 


(none) 




500 


* Amount of additive and Amount of water express concentration in electrolyte solution. 
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40 



( Evaluation) 

[0131] As is clear from Fig. 9, batteries in Examples 12 - 14 of the present invention achieved a capacity- 
retention rate of 85% in a 100-cycle test and exhibited by far excellent cycle characteristics in comparison with 
the one in Comparative Example 4, where the compound was not used. Thus, it has been clearly proved that a 
compound disclosed in the present invention exhibits excellent effect in a cycle life span, which is an important 
battery characteristics, by an inspection in the Example, where water was intentionally added. 



( Examples 15-18, Comparative Example 5 ) 



45 



50 



[0132] Batteries of Examples 15-18 and Comparative Example 5 were produced in the same manner as in 
Examples 7-11. Here, as the nonaqueous electrolyte solution, there was used a solution prepared in such a manner 
that LiPF 6 as an electrolyte was dissolved in a mixed solvent of an equivolume of EC and DEC so as to give a solution 
having a concentration of 1 mol/liter, and 0.1 mass% of the compound (c) of the present invention was added to 100 
mass% of the solution as shown in Table 8. All these various kinds of batteries had a battery capacity of about 10Ah 
' after the charge in the first cycle. 

Table 8 





Additive 


Amount of additive 

(mass% to 
electrolyte solution) 


Example 15 


2, 2, 6, 6 - tetramethyl - 1 - piperidinyloxy free radical 


0.1 


Example 16 


4 - cyano - 2, 2, 6, 6 - tetramethyl - 1 - piperidinyloxy free radical 


0.1 


Example 17 


3 - cyano - 2, 2, 5, 5 - tetramethyl - 1 - pyrrolidinyloxy free radical 


0.1 



55 
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II 


Additive 


Amount of additive 

(mass% to 
electrolyte solution) 


Example 18 


manganese (II) phthalocyanine 


0.1 


Comparative Example 5 


(None) 





10 



15 



( Evaluation ) 

[0133] As obvious from Fig. 10, batteries in Examples 15 - 18 of the present invention achieved a capacity- 
retention rate of 85% in a 20000-cycle test and exhibited by far excellent cycle characteristics in comparison with 
the one in Comparative Example 5, where the compound was not used. This seems that the cyclic compound 
containing aN-O radical in the molecular structure and the cyclic compound which functions as a Mn 2+ supplier 
suppress a radical decomposition reaction of the organic solvent and trap HF, thereby producing a good SEI to 
improve the cycle life span. 



20 



25 



( Example 19, Comparative Example 6 ) 

[0134] Batteries of Example 19 and Comparative Example 6 were produced in the same manner as in Examples 
12-14. Here, there was used, as the nonaqueous electrolyte solution, a solution prepared by adding 500 ppm of 
water content (H 2 0), which becomes a cause of deterioration in battery characteristics, and 500 ppm of the compound 
as shown in Table 9, to a mixed solvent of an equivolume of EC and DEC, and then dissolving LiPF 6 therein to give a 
concentration of 1 mol/liter. All these various kinds of batteries had a battery capacity of about 1 .3mA after the 
charge in the first cycle. 





Additive 


Amount 
of 

additive 
(ppm) 


Amount 

of 
water 
(ppm) 


Exampie 19 


piperidinyloxy free radical 


500 


500 


Comparative Example 6 


(none) 




500 


• Amount of additive and Amount of water express concentration in electrolyte solution. 



30 



( Evaluation) 

[0135] As is clear from Fig. 11, a battery in Example 19 of the present invention achieved a capacity-retention 
rate of 93% in a 100-cycle test and exhibited by far excellent cycle characteristics in comparison with the one in 
40 Comparative Example 6, where the compound was not used. 

( Example 20, Comparative Example 7 ) 

[0136] Batteries of Example 20 and Comparative Example 7 were produced in the same manner as in Examples 7 - 
45 11. Here, as the nonaqueous electrolyte solution, there was used a solution prepared in such a manner that LiPF 6 as 
an electrolyte was dissolved in a mixed solvent of an equivolume of EC and DEC so as to give a solution having a 
concentration of 1 mol/liter, and 0.1 mass% of alumatrane tetramer was added to 100 mass% of the solution. All these 
various kinds of batteries had a battery capacity of about 10Ah after the charge in the first cycle. 

5Q ( Evaluation ) 

[0137] As is clear from Fig. 12, a battery in Example 20 of the present invention achieved a capacity-retention 
rate of 82% in a 20000-cycle test and exhibited by far excellent cycle characteristics in comparison with the one in 
Comparative Example 7, where the compound was not used. This seems that the compound containing an atom 
showing Lewis acidity and an atom showing Lewis basisity inactivated H 2 0 and HF in the electrolyte solution to 
55 improve the cycle life span. 
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' ( Example 21 , Comparative Example 8 ) 

[0138] Batteries of. Example 21 and Comparative Example 8 were produced in the same manner as in Examples 
12-14. Here, there was used, as the nonaqueous electrolyte solution, a solution prepared by adding 500 ppm of 
water content (H 2 0), which becomes a cause of deterioration in battery characteristics, and 500 ppm of alumatrane 
tetramer, to a mixed solvent of an equivolume of EC and DEC, and then dissolving LiPF 6 therein to give a 

5 concentration of 1 mol/liter. A!! these various kinds of batteries had a battery capacity of about 1 .3mA after the 
charge in the first cycle. 

( Evaluation ) 

[0139] As is clear from Fig. 13, a battery in Example 21 of the present invention achieved a capacity-retention 
10 rate of 93% in a 100-cycle test and exhibited by far excellent cycle characteristics in comparison with the one in 
Comparative Example 8, where the compound was not used. 

( Example 22, Comparative Example 9 ) 

15 [0140] Batteries of Example 22 and Comparative Example 9 were produced in the same manner as in Examples 7 - 
1 1 . Here, as the nonaqueous electrolyte solution, there was used a solution prepared in such a manner that LiPF 6 as 
an electrolyte was dissolved in a mixed solvent of an equivolume of EC and DEC so as to give a solution having a 
concentration of 1 mol/liter, and 0.1 mass% of 1 - hydrido - 3, 5, 7, 9, 1 1 , 13, 15 - heptacyclopentylpentacyclo [9. 5. 1. 1 
3.9 1 5,15 ^ 7,i3j octasiloxane, which is expressed by the following chemical formula (XI), was added to 100 mass% of 

20 the solution. All these various kinds of batteries had a battery capacity of about 10Ah after the charge in the first cycle. 

Chemical formula (XI) 

25 



30 



35 



40 




( Evaluation ) 

45 

[0141] As is clear from Fig. 14, a battery in Example 22 of the present invention achieved a capacity-retention 
rate of 82% in a 20000-cycle test and exhibited by far excellent cycle characteristics in comparison with the one in 
Comparative Example 9, where the compound was not used. This seems that the compound containing an atom 
showing Lewis basisity inactivated HF in the electrolyte solution to improve the cycle life span. 

50 

( Example 23, Comparative Example 10 ) 

[0142] Batteries of Example 23 and Comparative Example 10 were produced in the same manner as in Examples 
12 - 14. Here, there was used, as the nonaqueous electrolyte solution, a solution prepared by adding 1000 ppm of 
55 water content (H 2 0), which becomes a cause of deterioration in battery properties, and 500 ppm of 1 - hydrido - 3, 5, 

7, 9, 11, 13, 15 - heptacyclopentylpentacyclo [9. 5. 1. 1 3,9 1 5>15 . 1 7|13 ] octasiloxane, which is the same compound as in 
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'Example 22 and dissolving LiPF 6 as an electrolyte so as to give a solution having a concentration of 1 mol/litter. 
All these various kinds of batteries had a battery capacity of about 1 .3mA after the charge in the first cycle. 

( Evaluation ) 

[0143] As obvious from Fig. 1 5, a battery in Example 23 of the present invention achieved a capacity-retention 
5 rate of 91 % in a 1 00-cyc!e test and exhibited by far excellent cycle characteristics in comparison with the one in 

Comparative Example 10, where the compound was not used. 

( Examples 24 - 32 and Comparative Examples 11,12) 

[0144] Batteries were produced in a various manner such as adding a nonionic surfactant to nonaqueous 
10 electrolyte solution as shown in Table 10, and cycle characteristics of the batteries were evaluated. 
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[0145] Here, batteries of Examples 24 - 32 and Comparative Examples 11 .12 were produced in a similar manner 
to that in Examples 7-11. Here, as the nonaqueous electrolyte solution, there was used a solution prepared in such 
a manner that LiPF 6 as an electrolyte was dissolved in a mixed solvent of an equivolume of EC and DEC so as to give 
a solution having a concentration of 1 mol/liter. In addition, "MNP" in Table 10 means N - methyl - 2 - pyrrolidone, 
which is a solvent for dissolving the nonionic surfactant All these various kinds of batteries had a battery 
capacity of about 1 0Ah after the charge in the first cycle. 

[0146] The results of the test are shown in Fig. 16. The batteries in Example 24 - 32 had almost no difference 
in cycle characteristics and gave better properties than Comparative Example 1 1 , where no nonionic surfactant was 
used. On the other hand, in the case of Comparative Example 12, where polyethyleneglycol was added, deterioration in 
cycle characteristics was observed more remarkably than in the case of Comparative Example 1 1 . It can be presumed 
that this results from the generation of HF due to action of polyethyleneglycol itself on the electrolyte in the 
same manner as a water molecule. 



15 



20 



25 



30 



( Examples 33 - 35, Comparative Example 13 ) 

[0147] Fig. 17 is a graph showing cycle characteristics of batteries produced with various nonaqueous 

electrolyte solution shown in Table 1 1 . LiPF 6 was used as the electrolyte, and a mixed solvent of EC and DEC of the 
same volume was used as the organic solvent. These are common to all the samples. As shown in Table 11, 
triethylsilane was added as a water-extracting agent in Example 33, tributylphosphate was added as a hydrofluoric 
acid-extracting agent, and both triethylsilane and tributylphosphate were added in Example 35. However, neither a 
water-extracting agent nor a hydrofluoric acie-extracting agent was added in Comparative Example 13. 

Table 1 1 





Additive 


Amount of 
additive per 

1 ml of 
nonaqueous 
electrolyte 
solution 


Nonaqueous 
electrolyte solution 








Electrolyte 


Organic 
solvent 


Example 33 


Triethylsiiane 


10 u 1 


LiPF 6 


EC-DEC 


Example 34 


Tributylphosphate 


10 u I 


Example 35 


Triethylsilane/ 
tributylphosphate 


5 pi/ 
5 m t 


Comparative Example 13 


(None) 
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[0148] Incidentally, batteries of Examples 33 - 35 and Comparative Example 13 were produced in the same manner 
as in Examples 7 - 1 1 . All these various kinds of batteries had a battery capacity of about 1 0Ah after the charge in 
the first cycle. 

[0149] From the results of the test, it was confirmed that cycle characteristics were improved in comparison 
with a battery of Comparative Example 13 in the case that at least one of a water-extracting agent and a 
hydrofluoric acid-extracting agent is added to the nonaqueous electrolyte solution as shown in Fig. 17. Example 35, 
where both a water- extracting agent and a hydrofluoric acid-extracting agent are added, exhibited cycle 
characteristics equally to Examples 33 and 34; which seems to result from the same amount of additives in total. 
[0150] Batteries of Examples 1-35 and Comparative Examples 1 - 13 were produced by the use of various battery- 
constituting members prepared by impregnating the inside each battery case with the compound in the aforementioned 
method. In addition, the other members and environment for the test were made the same among all the samples, the 
battery members were sufficiently dried until the time just before assembly of each battery, and influence of 
penetration of water from outside of each battery due to insufficient sealing of the battery, or the like, was eliminated. 
[01 51] Incidentally, in a battery for engine driving or motor driving for an electric vehicle, discharge of a 
large current is required upon starting, accelerating, ascending a slope, or the like; and at this time, temperature 
of the battery rises. However, in the case of using nonaqueous electrolyte solution or the like, where the compound 
of the present invention is added, it hardly happens that a trapped HF is extricated again to be dissolved in the 
nonaqueous electrolyte solution even if temperature of the battery has risen; and thereby maintenance of good cycle 
characteristics can be planned. 

[0152] The present invention has been described mainly with Examples using a wound-type electrode body. 
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• However, it goes without saying that a battery structure does not matter in the present invention. Here, in a coin 
battery having a small capacity, control of water content is easy in such a manner that production and storage of 
the parts and assembly of the battery are conducted in an inert gas atmosphere, or the like, since the battery 
itself is small. 'However, in producing a lithium secondary battery having a large capacity where a wound type or a 
lamination type of interior electrode body is employed as in the present invention, it is necessary to use a 
relatively large-scale apparatus in, for example, applying electrode active material on a current collector, which 
5 is conducted in an atmosphere similar to in the air even in a room. Particularly, it is hard to be thought in 

actuality from a point of production cost that the production is performed in an environment where water is 
completely removed even in a thermostatic chamber where a water content is controlled. 

[0153] Therefore, the present invention is suitably employed in a lithium secondary battery having a large 
battery capacity, which water content is not easily controlled in production steps. Specifically, the present 
invention is employed in the one having a battery capacity of 2Ah or more where a wound type or a lamination type of 
10 electrode body is used. Though it goes without saying that a use of the battery is not limited, it can be 
particularly suitably used for starting of an engine or for driving a motor for an electric vehicle or a hybrid 
electric vehicle as a battery having a large capacity for being mounted on a vehicle, the battery being required for 
a high output, a low internal resistance, and excellent cycle characteristics. 
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Industrial Applicability 



[0154] As described above, a lithium secondary battery of the present invention exhibits an excellent effect 
that self-discharge property, cycle characteristics, long period stability and reliability can be planned. A lithium 
secondary battery of the present invention is suitably employed in the one having a wound type or lamination type of 
electrode body and having a battery capacity of 2Ah or more and can be used for starting of an engine or for driving 
20 a motor for an electric vehicle or a hybrid electric vehicle as a battery having a large capacity for being mounted 

on a vehicle, the battery being required for a high output, a low internal resistance, and excellent cycle characteristics. 

Claims 

1. A lithium secondary battery comprising: 



an electrode body having a positive electrode, a negative electrode, and a separator, the positive electrode 
and the negative electrode being wound or laminated by means of the separator, and 

a nonaqueous electrolyte solution containing a lithium compound as a electrolyte; 

characterized in that at least one of the positive electrode, the negative electrode, the separator, and 
the nonaqueous electrolyte solution contains at least one of: 



(a) an organic and/or inorganic inhibitor, which functions as a Cu-corrosion inhibitor or a Cu-trapping agent, 
35 (b) a compound having an organic base and an inorganic acid which are unitarily combined in a molecule, 

(c) a cyclic compound containing a N-O radical in a molecular structure, 

(d) a cyclic compound which becomes a Mn 2+ supplier in the nonaqueous electrolyte solution, 

40 

(e) a compound containing an atom showing Lewis acidity and an atom showing Lewis basisity in one molecule 
molecular-structurally, 

(f) a three-dimensional siloxane compound, and 

45 (g) a nonionic surfactant; or 

the nonaqueous electrolyte solution contains: 

(h) a water-extracting agent, or 

(i) a hydrofluoric acid-extracting agent 



55 



2. A lithium secondary battery according to claim 1, wherein a central element of a polar group of said organic 
inhibitor contains at least one selected from the group consisting of N, P and As in 5B group and O, S and Se in 
6B group of the periodic table. 

3. A lithium secondary battery according to claim 1, wherein said organic inhibitor is a sulfur compound. 
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4. 



6. 



7. 



A lithium secondary battery according to claim 1 . wherein said organic inhibrtor is an imidazole-anaiogue 
organic compound „ 

A lithium secondary battery according to claim 1, wherein said organic base of said compound (b) . a cychc 
compound containing an electron-donating element. 

A lithium seconder battery according to c.aim 1, wherein said organic base of said compound (b) contains an 
electron-donating substituent. 



8 A iithium secondary battery according to Cairn 1, wherein said inorganic acid of said compound (b) is a strong acid. 
9 . A lithium secondary battery according to c.aim 1 , wherein said inorganic acid of said compound (b) is hydrogen 
chloride or sulfuric acid. 

10 A mum secondary battery according to c.aim 1 . wherein said cyc.ic compound containing a N-O radical in a 
molecular structure is a compound having one ring. 



General formula (I): 



R5 
R6 1 

Ri 



Ra 



■R3 
R2 



R8 



I 

0 



\ 



Ri 



(R, - R 8 : a hydrogen radical, a hydrocarbon radical, or a cyano radical) 



claim 1 or 2, wherein said cyclic compound containing a , N-O radical in 



12 - a m r u L s s^ 9enerai formuia (,,): 



General formula (II): 



Rl4 R13 




(R 9 - R 18 . a hydrogen radical, a hydrocarbon radical, or a cyano radical) 
,3 A iithium secondary battery according to claim 1 , wherein said cyclic compound which becomes a Mn * supplier 

is manganese (II) phthalocyanine or a manganese (..) phtha.ocyanme denvative. 
U. A lithium secondary battery according to c.aim 1 , wherein said compound (e) is alumatrane tetramer shown by the 

following chemical formula (III). 
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Chemical formula (III) 



it 





^7 



Mn 



N-C 



N-C 



N 



C = N _C 
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. « *«ri^ri that <;aid nonionic surfactant is a compound 

1 5. A lithium secondary battery according to claim 1 , characterized m that sa,d 

having an ether linkage. 

16 . A .Khium secondary battery acco^ 

genera, formu.a RJPW(n. an ^^J^^ (Q) , nitr 2 ogen (N). or an ether linkage (OCO), 
'S^JEZ^ -dice, is not hydrogen (H) but a group mainiy conta.nmg 

hydrogen (H) and carbon (C). 

„ A s.oodd.,, b«y =c=o,* 8 » d*. , . ,« « Um compound is «. pnooph... ft-*-* 

19 . A ». second _ «. o„» 1 . . o S ,boo.oeo u , * — ■ — 
material. 

20 . A lithium secondary battery according to Cairn 1 . wherein said water-extracting agent disso.ves in sa,d 
nonaqueous electrolyte solution. 

„. A ,hium secondary battery according to Cairn 1 . wherein said water-extracting agent is an organic phosphorous 
compound. 

22. A lithium secondary batten according to Cairn 1 , wherein a hydrofluoric acid-extracflng agent is added to sa,d 
electrolyte solution. 

♦ a «/hPrein said hydrofluoric acid-extracting agent is an organic 

23 A lithium secondary battery accord.ng to claim 1 , wherein saia nyaroim 
' silicon compound or an organic antimony compound. 

24 A lithium secondary battery according to claim 1 wherein said hydrofluoric acid-extracting agent is one 
capable of dissolving in said nonaqueous electrolyte solution. 

25 A lithium secondary battery according to any one of claims 1-24. wherein a capacity of the battery is 2Ah or more. 
2S. A lithium secondary battery according to any one of claims 1 - 25. wherein the battery is for being mounted on 

a vehicle. 

_r ♦ laim ofi wherein the battery is used for an electric vehicle or a 

27. A lithium secondary battery according to claim 26, wherein the oanery 

hybrid electric vehicle. 

* 9R wherein the battery is used for starting of an engine. 

28. A lithium secondary battery according to claim 26, wherein tne oa y 
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